A retrospective study was conducted from 1,919 necropsies of dogs, and 52 cases were selected on the basis of primary or metastatic neoplasia in the pericardium, the heart base, or the myocardium. Primary intrapericardial neoplasms were more frequent than intrapericardial metastases. Hemangiosarcomas were the most frequent primary neoplasms, followed by chemodectomas. Lymphomas were the most frequent metastatic neoplasms, followed by fibrosarcomas and rhabdomyosarcomas. Other neoplasms, either primary or metastatic, occurred rarely.
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Results
Primary or metastatic intrapericardial neoplasia was diagnosed in 52 dogs (22 females and 30 males), representing 2.7% of canine cases submitted for necropsy and 28.3% of all canine neoplasms diagnosed over the 6-year period. The age range of dogs with intrapericardial neoplasia was 2-17 years, with an average of 9.8 years.
Primary intrapericardial neoplasms. Primary intrapericardial neoplasms were observed in 34 dogs (Table  1) . Hemangiosarcomas were the most frequent, representing 40.4% of intrapericardial neoplasms. Fifteen neoplasms involved the right auricular epicardium, 3 were within the right auricular wall, and 3 protruded into the auricular lumen. Metastases to the ventricles and/or left auricle were observed in 6 dogs at necropsy and in 3 additional dogs on microscopic examination. Extrapericardial metastases were found in all but 1 dog.
Nine chemodectomas were diagnosed, representing 17.3% of intrapericardial neoplasms (Table 1) . Seven were between the pulmonary artery and ascending aorta, 1 was in the right auricular wall, and another protruded into the right auricular lumen. Metastases, either pulmonary or renal, were found in 2 dogs. Mi- croscopic examination revealed closely packed round to polyhedral cells, subdivided in lobules by a delicate fibrovascular stroma ( Fig. 1a ). Grimelius stain revealed intracytoplasmic argyrophilic granules in neoplastic cells (Fig. 1b ). All tumors were negative for the presence of calcitonin.
Less frequent primary intrapericardial neoplasms included rhabdomyoma, epithelial thymoma, ectopic thyroid carcinoma, and mesothelioma. Grossly, the rhabdomyoma was an infiltrative soft, white mass bulging into the right auricular lumen ( Fig. 2a ). Histologically, the neoplasm was composed of intertwined bundles of elongated cells infiltrating the right auricle ( Fig. 2b) . Vimentin, desmin, and myoglobin were demonstrated in neoplastic cells and surrounding cardiocytes. SMA was not found in neoplastic cells or in normal cardiocytes.
The epithelial thymoma was an approximately 5cm-diameter mass that partially surrounded the aorta at the heart base. Numerous small, white papillary masses were observed on the epicardium. Masses corresponded histologically to trabeculae and islets of neoplastic dyskeratotic epithelial cells. Cytokeratin was demonstrated in neoplastic cells.
The mesothelioma consisted of a hard, brownish 5ϫ 4-ϫ 3-cm epicardial mass on the right ventricle and a spherical reddish 2.5-cm-diameter mass on the parietal surface of the pericardium, near the heart base. Neoplastic cells were positive for cytokeratin and vimentin and negative for factor VIII-related antigen (Fig. 3) .
The ectopic thyroid carcinoma was composed of 3 well-delineated, lobulated, yellow to red 1.5-2.5-cmdiameter masses at the heart base. One mass was cystic and contained a thick opaque material. Neoplastic cells were faintly positive for thyroglobulin and calcitonin. Intrapericardial metastases. Intrapericardial metastases from several neoplasms occurred in 18 dogs (Table 1).
Six lymphomas infiltrated the intrapericardial tissues. Four infiltrated the ventricles, 2 were localized at the heart base, and 1 was on the pericardial sac. Exophytic, whitish hard masses protruded into the lumen of the pulmonary artery in 1 dog.
Two fibrosarcomas, 1 subcutaneous and 1 gingival, metastasized to the heart. Metastases corresponded to multiple hard, whitish nodules 1-10 mm in diameter on the epicardium of ventricles and right auricle in 1 dog. Fusiform neoplastic cells caused compression atrophy of the cardiocytes (Fig. 4a ). Neoplastic cells were positive for vimentin but negative for desmin and myoglobin (Fig. 4b) .
Single or multiple cardiac metastases from 2 rhabdomyosarcomas were found in the endocardium and/ or the wall of all 4 compartments. Masses were white, firm, and 1-2 cm in diameter. The neoplastic cells were fusiform and poorly differentiated (Fig. 5 ). They were positive for vimentin and desmin and faintly positive or negative for the presence of myoglobin.
In one case of disseminated malignant histiocytosis, neoplastic cells infiltrated the heart (Table 1) . A whitish 2-ϫ 2-ϫ 3-cm-diameter mass was found in the pericardium. A 3-mm-diameter white mass was found in the interventricular septum. Small polygonal, round or fusiform cells with scant eosinophilic cytoplasm and a round to reniform nucleus infiltrated the pericardium and the ventricular septum. Rare phagocytic multinucleated giant cells were also present. Neoplastic cells were positive for vimentin, muramidase, and alpha-1 antitrypsin. Metastases from a primary melanocytic ocular melanoma were found in the heart as whitish foci in the wall of the right ventricle.
Multiple white, firm subepicardial, subendocardial, intraauricular, and intraventricular metastases from a systemic mast cell tumor were observed. The primary mass was not identified. Neoplastic cells contained metachromatic cytoplasmic granules and were found in subepicardial and subendocardial locations, occasionally infiltrating subjacent myocardium.
Cardiac metastases from a phaeochromocytoma were found in 1 dog and corresponded to whitish nodules from 0.5 mm to 3 cm in diameter on the epicardium and endocardium. The cytoplasm of neoplastic cells contained numerous argyrophilic granules.
Metastases from prostatic, gastric, pulmonary, or mammary adenocarcinomas were observed in 1 dog each.
Discussion
In this retrospective study, intrapericardial neoplasia, either primary or metastatic, was uncommon in dogs, representing only 2.7% of the cases submitted for necropsy. However, 28.3% of all neoplasms diagnosed for this period involved intrapericardial tissues. In a similar retrospective study, percentages were 3.06% and 11.74%, respectively. 27 Primary intrapericardial neoplasms were more frequent than metastases from extrapericardial neoplasms. Hemangiosarcomas were the most frequent intrapericardial neoplasms as reported previously and represented 40% of the cases in this study but 60% in another study. 27 Cardiac localization of hemangiosarcoma was frequent and accounted for 75% of the hemangiosarcomas diagnosed at the Faculty of Veterinary Medicine of the University of Montreal. Previous studies reported cardiac localization in 29-64% of the cases of hemangiosarcomas. 4, 9, 19 It was not always possible to distinguish between primary right auricular hemangiosarcomas and metastatic hemangiosarcomas.
Chemodectomas were the second most frequent intrapericardial primary neoplasms, as already reported, 27 and were similar in location and histologic appearance to previous cases. 21, 28 They were slightly more frequent in our study than in other similar stud-ies. 27 Argyrophilia, as demonstrated by the Grimelius stain and absence of calcitonin immunoreactivity, confirmed the diagnosis. 2, 21, 27 Primary intrapericardial sarcomas, excluding hemangiosarcoma, were not observed in this study. Only individual cases of such tumors have been previously reported, 1, 7, 8, 15, 17, 23, [25] [26] [27] reflecting their rare occurrence.
Intrapericardial metastases from extrapericardial neoplasms accounted for 35% of our cases; they were more frequent than previously reported. 4, 6, 27 Malignant lymphomas were the most common secondary neoplasm and were third in occurrence after hemangiosarcomas and chemodectomas. Carcinomas were more frequently observed than malignant lymphomas in a similar retrospective study. 27 Metastases were more commonly localized in ventricular walls than in auricular walls, which may be correlated with the bigger size of the ventricular arteries. 3 Neoplasms at the heart base were chemodectomas or ectopic parathyroid or thyroid gland carcinomas. 10, 16, 22, 24 Lymphomas or epithelial thymomas were also identified in this location. Intracavitary heart neoplasms were hemangiosarcomas, chemodectomas, or rhabdomyomas.
Immunoperoxidase was a useful technique for the diagnosis of primary or secondary intrapericardial neoplasms in the dog. This technique permits differention of chemodectomas from medullary thyroid carcinomas, 22 and fibrosarcomas from poorly differentiated rhabdomyosarcomas.
